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Purpose" To compare the diagnostic accuracy of duplex scanning (DS) and pulse generated run-off (PGR) with ia-DSA 
for the assessment of cruropedaI outflow and explore the reliability of clinical decision making based on a work-up with 
DS/PGR in candidates for peripheral bypass urgery. 
Methods: PopliteaI, crural and pedal arteries were evaluated independently with DS and ia-DSA in 126 limbs of 120 
consecutive patients for claudication (16%) or critical ischaemia (84%). Arterial segments were graded with DS and ia- 
DSA as normal, stenosed, oroccluded and compared using weighted kappa (K) analysis. PGR was used to select he best 
crural artery for bypass. Proposed management based on DS/PGR and, if applicable, anastomosis site were compared to 
definitive treatment based on ia-DSA. 
Results: Overall agreement between DS and ia-DSA for popliteaI and crural arteries was moderate (t: 0.51, 95% CI 
0.48-0.55) with good agreement within the popliteal (K 0.67) and anterior tibial (K 0.61) arteries. Agreement was moderate 
within the pedal arterieds (K 0.32, 95% CI 0.24-0.40). In 74/126 (59%) limbs proposed management with DS/PGR was 
identical to ia-DSA. In 23/29 (79%)femoropopliteal and 15/37 (41%)felnorocrural bypasses DS/PGR agreed perfectly 
with ia-DSA with regard to acceptor artery and anastomosis site. 
Conclusion: DS can accurately assess the popliteal and anterior tibial arteries. In a substantial number of patients with 
severe lower limb ischaemia decisions for conservative management, PTA and femoropopliteal bypass can be based on a 
DS/PGR work-up. 
Introduction 
Duplex scanning (DS) has the potential to acquire a 
central place in the investigation ofpatients with lower 
extremity arterial occlusive disease. A recent meta- 
analysis demonstrated that DS is an accurate dia- 
gnostic tool for assessment of the aortoiliac and fem- 
oropopliteal arteries. ~Evidence from the literature 
suggests that it can safely replace angiography toguide 
endovascular and surgical interventions in patients 
with symptomatic lesions in these segments. 2-6 The 
application of DS for evaluation of the infrageniculate 
arteries has been studied less extensively. In several 
studies the feasibility of crural and even pedal artery 
duplex scanning was demonstrated, 7-1~ but due to 
small sample size and lack of unequivocal diagnostic 
criteria, clinical decision making based on an entirely 
non-invasive work-up in candidates for femorodistal 
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reconstruction is still unreliable. Therefore, intra-ar- 
terial Digital Subtraction Angiography (ia-DSA) is still 
the "gold standard" for assessment of outflow tract 
quality and determination of distal anastomosis site 
before bypass surgery in many centres. 
Pulse generated run-off (PGR) is a non4nvasive 
technique that provides a semi-quantitative analysis 
of each of the crural arteries and their relative con- 
tribution to the pedal arch. PGR correlates well with 
peripheral vascular resistance and may be a more 
physiological measure of distal run-off. 12'13 Ad- 
ditionally, PGR has been shown to detect more patent 
run-off vessels than angiography. 11 13 We prospectively 
compared the diagnostic accuracy of DS and PGR with 
ia-DSA for the assessment of run-off arteries in possible 
candidates for femorodistal bypass grafting and ex- 
plored the potential for a completely non-invasive 
work-up with the combination of DS/PGR. 
Patients and Methods 
The study protocol received approval of the Medical 
Ethics Committee of the Academic Medical Centre. 
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Between February 1995 and March 1997, all con- 
secutive patients with incapacitating claudication, rest 
pain or tissue loss awaiting diagnostic angiography 
for possible peripheral bypass surgery, underwent 
colour duplex imaging of the entire lower limb and 
PGR. Patients referred to our hospital for peripheral 
bypass urgery after angiography had been performed 
elsewhere were excluded. 
Colour duplex imaging was performed by two ex- 
perienced vascular technicians with a Hewlett Packard 
Sonos 2000 scanner (Hewlett Packard, Andover, Mas- 
sachusetts, U.S.A.) with 4.5 and 7.5 MHz imaging trans- 
ducers and 3.7 and 5.5MHz Doppler probes, 
respectively. The popliteal artery, tibioperoneal trunk, 
peroneal and posterior tibial artery (PT) and the origin 
of the anterior tibial (AT) artery were examined with 
the patient in the lateral position. The crural arteries 
were identified by detection of a colour signal or the 
presence of the arterial wall in case of occlusion. To 
avoid mistaking the PT for the peroneal artery, imaging 
started in the PT which was followed from the ankle to 
its origin at the tibioperoneal trunk. When identification 
was difficult the accompanying veins were used as a 
roadmap. Distally, the PT was followed down into the 
common plantar artery. The lateral and medial plantar 
artery were not examined. The AT was examined with 
the patient supine. The distal AT was followed via the 
dorsal pedal artery into the deep plantar artery and 
proximally back across the anterolateral part of the 
lower leg to its origin from the popliteal artery. 
Patency of the supra- and infrageniculate popliteal 
artery, tibioperoneal trunk, proximal, middle and 
distal third of the three crural arteries, and at the level 
of the foot the dorsalis pedis, common plantar and 
deep plantar arteries (a total of 15 segments) was 
graded as follows: 2 for no or minor vessel wall 
irregularities as seen on B-Mode imaging and fully 
patent lumen assessed by presence of a colour signal; 
i for severe vessel wall irregularities (B-Mode), diffuse 
luminal narrowing (colour Doppler) or an isolated 
subtotal stenosis; 0 for occlusion as determined by the 
absence of colour flow and Doppler signal. A segment 
demonstrating both stenosis and occlusion was con- 
sidered to be occluded. If a segment could not be 
adequately evaluated, for instance because of severe 
calcifications, DS was considered non-diagnostic. 
PGR was performed with the patient supine. A cuff 
was placed around the upper calf and inflated 50 
times per minute to a pressure of 300 mmHg. Thus, a 
pulsatile flow was generated and recorded, with the 
5.5 MHz Doppler probe of the duplex scanner, within 
the dorsalis pedis, common plantar and distal peroneal 
artery after identification of the artery with the B- 
Mode. Each vessel scored 2 for a biphasic signal, 1 for 
a monophasic signal and 0 for an absent signal. PGR 
signals were interpreted as good run-off (biphasic 
signal), poor run-off (mono-phasic signal) or no run- 
off (no signal). 
Biplane selective ia-DSA was performed in all 
patients within 14 days after non-invasive valuation 
using an antegrade puncture technique in the common 
femoral artery. Non-ionic contrast (Iohexol 350 mg 
Iodium/ml, Nycomed, Oslo, Norway) was ad- 
ministered by constant mechanical injection with a 
volume of 10 cc in 2 s, with the catheter tip as distally 
as possible in the superficial femoral artery (SFA). 
Antero-posterior and lateral views were obtained in 
all patients and evaluated by a radiologist (JR), blinded 
to the non-invasive results. Popliteal, crural and dorsal 
pedal artery patency were graded as 2 for no or minor 
vessel wall irregularities, 1 for severe irregularity, 
diffuse luminal narrowing or isolated subtotal stenosis 
and 0 for occlusion. The common and deep plantar 
artery scored 2 for direct filling of the pedal arch, 1 
for indirect filling of the pedal arch and 0 for no 
tilling of the pedal arch. ia-DSA was considered non- 
diagnostic if a segment could not be adequately as- 
sessed, for instance because of movement artifacts, 
severe calcifications or low contrast load. 
Based on the non-invasive information and unaware 
of the angiographic findings, a vascular surgeon (DL) 
determined therapeutic management, i.e. conservative 
(no need or no intervention possible), PTA, surgical 
revascularisation, or considered non-invasive valu- 
ation non-diagnostic and ia-DSA required. Definitive 
treatment was instigated by the staff vascular surgeons 
based on the angiographic information and blinded 
to the results of DS/PGR. 
Agreement between DS and ia-DSA on patency of 
the respective vascular segments was compared in 
weighted kappa (K) analysis. 15 Kappa expresses the 
probability of agreement beyond chance. Strength of 
agreement can be interpreted as poor (K<0.20), fair (¢ 
0.21-0.40), moderate (~ 0.41-0.60), good (~: 0.61-0.80) 
or excellent (~c 0.81-1.0). Sensitivity and specificity of 
DS compared to ia-DSA as "gold standard" were 
calculated for detection of an occlusion in the re- 
spective vascular segments. The proposed therapeutic 
management and distal anastomosis site based on non- 
invasively acquired information were compared to 
definitive therapy. 
Results 
Patients 
Of 141 eligible patients 21 were excluded from the 
study because of too long delay between DS and ia- 
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Table 1. Baseline characteristics of study population. 
Baseline characteristic n (%) 
Median age 72 years (range 27-95) 
Male sex 73 (61%) 
Diabetes 51 (43%) 
Smoking (current or prior) 50 (42%) 
Hypertension (on medication) 45 (38%) 
Hyperlipaemia (on medication) 12 (10%) 
Coronry artery disease (angina, AMI, 40 (33%) 
PTCA, CABG) 
Cerebrovascular disease 22 (18%) 
(TIA, CVA) 
Prior intervention examined limb 47 (37%) 
(PTA, bypass, TEA) 
AMI=acute myocardial infarction, PTCA=percutaneous trans- 
luminal coronary angioplasty, CABG ~ coronary artery bypass graft- 
ing, TIA =transient ischaemic attack, CVA =cerebrovascular 
accident, PTA=percutaneous transluminal ngioplasty, TEA= 
thromboendar terectomy. 
CI 0.48-0.55). Raw data in Table 2 show that, in general, 
DS gave a more optimistic assessment of patency than 
ia-DSA. In 125 of 719 (17%) occluded segments on ia- 
DSA, DS detected a fully patent lumen whereas the 
reverse occurred in only 37 of 451 (8%). There was 
good agreement on patency of the popliteal, and an- 
terior tibial arteries and moderate agreement within 
the tibioperoneal trunk and posterior tibial and pe- 
roneal artery (Table 3). The sensitivity of DS for the 
detection of an occlusion was 80% for the popliteal 
arteries with 93-96% specificity. The diagnostic ac- 
curacy of DS for the detection of occlusions in the 
tibial and peroneal arteries was moderate. The positive 
predictive value (PPV) for the detection of occlusions in 
the entire anterior tibial, posterior tibial and peroneal 
artery by DS was 89%, 90% and 75% respectively. The 
negative predictive values (NPV) were 67%, 55% and 
76%, respectively. 
DSA due to logistic constraints (n= 16), unsatisfactory 
DS and ia-DSA studies due to agitation of the patient 
(n = 2), because ia-DSA was performed before DS (n = 
1), after dissection of the SFA during ia-DSA (n =1) 
and because the wrong (but also symptomatic) leg was 
examined with DS (n = 1). Thus, the study population 
consisted of 120 patients admitted for incapacitating 
claudication (n=19), ischaemic rest pain (n=41) or 
tissue loss (n = 60). A total of 126 legs were examined 
with DS, PGR and ia-DSA within a median of 1 day 
(range 0-13) of the non-invasive examination. Baseline 
characteristics are listed in Table 1. 
Five patients were studied to determine inter- 
observer agreement between the two vascular tech- 
nicians for assessment of the crural and pedal arteries. 
In 60 crural segments agreement was good (t~=0.66, 
95% CI 0.51-0.81) and in 15 pedal artery segments 
excellent (K =0.91, 95% CI 0.72-1.0). 
Duplex imaging in popliteal and crural arteries 
A complete investigation ofone limb required median 
45 (range 20-90)min. Of 1512 popliteal and crural 
artery segments 31 (2%) could not adequately be visu- 
alised with DS, whereas in 49 (3%) segments ia-DSA 
was non-diagnostic. This left 1433 segments for com- 
parison with moderate overall agreement (K0.51, 95% 
Duplex imaging in pedal arteries 
DS was non-diagnostic in 21 of 378 (6%) pedal artery 
segments and ia-DSA in 33 of 378 (9%). Thus, 329 
segments could be compared with fair overall agree- 
ment (~: 0.32, 95% CI 0.24-0.40). Best agreement was 
found within the dorsalis pedis artery, whereas agree- 
ment was fair within the deep plantar artery (Table 
3). These discrepancies are reflected in the respective 
sensitivities and specificities of DS for detection of 
occlusions in the pedal arteries (Table 3). 
Pulse generated run-off 
In 116 patients the dorsalis pedis artery could be 
assessed adequately with ia-DSA and in one of these 
PGR was non-diagnostic, leaving 115 patients for com- 
parison. In 18 of 64 (28%) patients with an occluded 
dorsalis pedis artery on ia-DSA a biphasic signal was 
obtained with PGR. In six of 42 (14%) patients with a 
patent dorsalis pedis artery on ia-DSA no signal could 
be recorded, la-DSA was non-diagnostic in 11 of 126 
(9%) common plantar arteries and PGR in two patients. 
Thus 113 common plantar arteries could be compared. 
In 21 of 68 (31%) angiographically occluded common 
plantar arteries a biphasic signal was recorded in- 
dicating ood run-off, whereas in two of 33 (6%) patent 
common plantar arteries no signal was recorded. 
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Table 2. Crural vessel patency assessed with duplex scanning and ia-DSA as "the gold standard" 
in 1512 segments (pedal segments not included). 
ia-DSA 
DS Normal Severe Occluded Non-diagn Total 
Normal 344 132 125 6 607 
Severe 62 117 199 11 309 
Occluded 37 40 457 31 565 
Non-diagn 8 4 18 1 31 
Total 451 293 719 49 1512 
K 0.51 (95% CI 0.48-0.55). 
Severe = severe wall irregularities, diffuse luminal narrowing, isolated subtotal stenosis. 
Normal = no or minor wall irregularities. 
Non-diagn =non-diagnostic. 
DS = duplex scanning. 
Table 3. Agreement between duplex scanning and ia-DSA on vascular patency and diagnostic accuracy of 
duplex scanning for detection of an occlusion. 
Arterial segment n K (95% CI) Sensitivity Specificity 
Popliteal and crural arteries 
Suprageniculate popliteal 123 0.61 (0.50-0.72) 35/43 (81% 
Infrageniculate popliteal 123 0.67 (0.57-0.77) 26/33 (79% 
Tibioperoneal trunk 119 0.43 (0.30-0.55) 26/43 (60% 
Proximal anterior tibial 121 0.61 (0.49-0.72) 43/60 (72% 
Mid anterior tibial 121 0.54 (0.42-0.67) 50/71 (70% 
Distal anterior tibial 120 0.54 (0.42-0.67) 46/74 (62% 
Proximal posterior tibiaI 120 0.42 (0.28-0.56) 51/78 (65% 
Mid posterior tibial 119 0.51 (0.39-0.63) 46/76 (61% 
Distal posterior tibial 117 0.40 (0.27-0.52) 40/76 (53% 
Proximal peroneal 117 0.45 (0.31-0.59) 30/45 (67%) 
Mid peroneal 117 0.44 (0.30-0.57) 29/51 (57%) 
Distal peroneal 116 0.39 (0.26-0.53) 35/51 (69%) 
Pedal arteries 
Dorsalis pedis 111 0.39 (0.24-0.54) 40/60 (67%) 
Deep plantar 108 0.24 (0.11-0.36) 44/81 (54%) 
Common plantar 110 0.35 (0.24-0.46) 39/66 (59%) 
74/80 (93%) 
86/90 (96%) 
71/76 (93%) 
53/61 (87%) 
44/50 (88%) 
43/46 (93%) 
34/42 (81%) 
41/43 (95%) 
38/41 (93%) 
59/72 (82%) 
60/66 (91%) 
52/65 (80%) 
39/51 (76%) 
21/27 (78%) 
41/44 (93%) 
n =number of segments, 95% CI =95% confidence interval 
Table 4. Proposed treatment based on the combination of DS/ 
PGR and definitive treatment based on ia-DSA. 
Proposed Definitive 
treatment treatment 
(DS/PGR) (ia-DSA) 
No intervention 22 (18%) 21 (17%) 
PTA 19 (15%) 31 (25%) 
Bypass surgery 73 (58%) 67 (53%) 
Amputation 0 (0%) 7 (6%) 
Non-diagnostic 12 (10%) 0 (0%) 
Management 
Twenty-one patients were treated conservatively and 
seven by pr imary  below-knee amputat ion (Table 4). 
Thirty-one patients were treated with PTA of the SFA 
(n=18)  or an infrageniculate artery (n=13).  Sixty- 
seven patients underwent  bypass surgery. In 23 of 29 
(79%) popliteal artery bypasses and 15 of 37 (41%) 
crural artery bypasses there was perfect agreement 
of K value. 
between the non- invamve work -up  and ia-DSA, with 
regard to acceptor artery and anastomosis ite. In 12 
patients (10%) non- invasive evaluat ion yielded in- 
sufficient information to plan definitive treatment and 
ia-DSA was considered necessary. Six of these patients 
required bypass to the infrageniculate popliteal (n = 
1), a crural (n =5) or pedal  artery (n = 1), respectively, 
five patients were treated with PTA (one SFA, four 
infrageniculate) and in one patient a below-knee am- 
putat ion was performed. In summary,  in 74/126 (59%) 
patients agreement between DS/PGR and ia-DSA was 
perfect with regard to definitive treatment, including 
distal anastomosis ite. 
Mismatches in management  were due to non-dia-  
gnostic DS/PGR (n = 12), eventual  preference for PTA 
instead of conservative management  (n = 2) or surgery 
(n = 9), and discrepancies in crural bypass anastomosis 
site (n=22).  In seven patients there were major dis- 
crepancies. In three patients ia-DSA revealed no op- 
tions for reconstruct ion where DS/PGR identif ied a 
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patent posterior tibial artery. At exploration these ar- 
teries were found occluded and below-knee am- 
putation was performed. In three patients deemed 
unsuitable for reconstruction following DS/PGR, ia- 
DSA showed apatent popliteal (n = 1) and dorsal pedal 
(n =2) artery with subsequent bypass urgery. Finally, 
in one patient a significant lesion detected in the SFA 
with DS could not be confirmed when this patient was 
referred for ia-DSA and PTA. 
Discussion 
The results of the present study are in line with 
what we found in a smaller series) ~ There was good 
agreement between DS and ia-DSA for assessment of
popliteal and anterior tibial artery patency. Occlusions 
of the popliteal artery can be reliably detected and 
suitability for anastomosis can be determined. The 
positive predictive value (PPV) for detection of oc- 
clusions in the anterior and posterior tibial artery was 
89% and 90%, respectively. Thus, as in other smaller 
series which reported sensitivities of about 80% at 
80-100% specificity, 7-1° DS is well suited for the de- 
tection of occlusions but not for excluding occlusions. 
Similar to other studies, 8,1° the PPV for detection of 
occlusions in the peroneal artery was lower (75%), 
probably because the deeper plane of the peroneal 
artery and the fascial borders between transducer and 
the artery obstructs adequate visualisation. The lower 
accuracy may also be explained by the high inter- 
observer variability of peroneal artery ia-DSA readings 
compared with the other tibial arteries, n 
We found moderate to good agreement for our 
semi-quantitative patency scoring system. One would 
preferably apply more objective criteria but the classic 
PSV ratio criterion for quantification of stenosis may 
not hold within the crural arteries. Although diameter 
reduction determined by PSV ratios is independent of
the absolute peak systolic velocity, the low peak sys- 
tolic velocities in the crural arteries may cause in- 
accurate recordings and unreliable PSV ratios. From 
other studies which used PSV ratios it is not possible 
to derive unequivocal criteria due to the degree of 
stenosis being unspecified 7 and the small percentage 
of stenosed segments (4%)) ° Hatsukami et al. used an 
algorithm based on waveform analysis with similar 
diagnostic accuracy. 9 
Two previous studies compared assessment of the 
pedal arteries with DS and ia-DSA. Karagacil et al)  ° 
found a sensitivity of 81% at 84% specificity for the 
detection of occluded pedal artery segments whereas 
we previously found 46% sensitivity and 89% speci- 
ficity, respectively) ~ In the present study the sensitivity 
improved to 60% at 83% specificity. Qualitative assess- 
ment of the pedal arteries showed fair agreement 
between DS and ia-DSA, especially within the deep 
plantar artery. 
In a study utilising ia-DSA as the "gold standard" 
DS will always perform second best. Yet we have 
doubts whether the fair agreement in certain segments 
is always due to shortcomings of DS. Although ia- 
DSA is used to determine run-off in many centres, it 
has its limitations. Angiography readings are liable 
to substantial interobserver variability, 11,~6-18 especially 
within the crural and pedal arteries. I1Despite the use 
of DSA techniques, angiography sometimes fails to 
visualise vessels which are patent on intraoperative 
angiography, 19 dependent Doppler examination, 21 or 
magnetic resonance angiography. 2°,22 This could fur- 
ther explain the poor agreement of DS with ia-DSA 
within the pedal arteries where DS detects flow in 
arteries not visualised with ia-DSA. A pitfall of DS 
however, can be the detection of signal in what appear 
to be collaterals on angiography, as illustrated by the 
discrepancies between DS and the findings during 
operation. In the present study DS guided PGR in 
the pedal arteries detected more run-off than ia-DSA. 
Again, its diagnostic significance remains unclear, but 
it might be of prognostic significance, as preoperative 
PGR determined pedal arch patency proved to be a 
predictor of graft failure. 23,24 This will become clear for 
our population when follow-up is available. 
Despite the moderate agreement on crural and pedal 
artery patency, management could have been ac- 
curately predicted based on DS/PGR information in 
59% of the patients in this study. This is lower than 
we reported earliery but more reliable as it was de- 
rived from a larger series. Yet, the potential of DS to 
guide decisions for femoropopliteal bypass grafting 
was confirmed. This substantiates previous studies 
which report accurate selection of predominantly clau- 
dicants with DS for PTA. 23'6 In another study, Elsman 
et aI. showed ia-DSA to have little additional value to 
DS even when patients were referred for surgery. 4 
Similar results were reported in a retrospective study 
of Pemberton et al. who in only three per cent of 467 
examined limbs with DS required angiography for 
planning management. 5 It must be noted that with 
75% claudicants this population differed significantly 
from our study population with 84% critical ischaemia. 
However, in the 41 patients requiring surgery (22 
femoropopliteal and femorocrural bypasses) there 
were no unexpected findings during operation. 
Decision making in vascular surgery is subject o 
variability. 24'26 The assumption that a single vascular 
surgeon represents the clinical approach of an entire 
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group may not be strictly justified, but the present 
results uggest that safe clinical decisions can be made 
with DS/PGR in a substantial number of patients with 
severe lower limb ischaemia, even with respect o 
popliteal bypass surgery. The discrepancies in de- 
cisions for femorocrural bypass urgery based on DS/ 
PGR and ia-DSA indicate the need to perform these 
procedures after diagnostic angiography. Future stud- 
ies should not only be directed to compare the dia- 
gnostic accuracy of duplex scanning with angiography, 
but also towards the possibility of a safe and accurate 
non-invasive work-up of patients with severe lower 
limb ischaemia. 
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